Introduction
============

We tend to move with other people around us. For instance, when we see other people dancing or clapping their hands, we spontaneously synchronize our actions with those of our interaction partners ([@B13]; [@B14]). Furthermore, we resonate with others by mentally simulating and mimicking their gestures, postures, facial expressions, and emotions ([@B18]). The present research focuses on the relationship between others' action observations and motor resonance (MR) and on the effects of group membership on this phenomenon. More specifically, the present experimental study explores whether and how the perception of social threat elicited by an outgroup member and by contextual cues is likely to modulate motor responses when facing an agent's action.

Several studies involving the use of different neuroscience techniques ranging from fMRI to TMS (see for instance the body of research on motor neuron systems: [@B70]; [@B69]; [@B71]) and behavioral measures consistently show that observing someone else performing an action elicits a motor activation similar to an activation that occurs when one performing the observed action personally ([@B26], [@B25]; [@B22]; [@B74]; [@B43]; [@B35]; [@B66]).

Thus, this phenomenon of MR implies one's capacity to embody a representation of others' actions, and it seems to contribute to several complex and crucial social skills, such as one's understanding of others' actions, intentions and emotions ([@B42]; [@B44]) and the facilitation of interpersonal coordination and cooperation ([@B48]). For this reason, this type of ability is fundamental to our success as individuals and as a species and confers significant adaptive social advantages (e.g., [@B34]).

Although MR is an uncontrolled and automatic process ([@B36]; [@B69]; [@B85]), over the last decade several studies have focused on the possibility that biological, individual and social factors may modulate such an effect.

In this regard, neuroscience evidence (fMRI) suggests that specific motor brain regions (i.e., right rostral parietal foci) are active only when observing biological movements ([@B60]; see also [@B47]) and actions performed by conspecifics ([@B11]). Moreover, previous research has shown that tendencies to simulate observed actions ([@B26], [@B25]; [@B82]; [@B1]) or sensorimotor states of other individuals ([@B6]; [@B55]) can be affected by individual differences such as gender ([@B15]) or high-level personality traits such as empathy ([@B7]).

Among social factors, the actor and perceiver's group membership seems to play a central role. For instance, [@B56] found that witnessing actions performed by an individual of one's cultural and ethnic ingroup increases corticospinal excitability to a greater extent than observing actions performed by an outgroup member (see also [@B49]). In line with this, other recent research has suggested a 'group bias' in MR ([@B37], [@B38]; for exceptions see [@B19]; [@B51]). Moreover, such an effect has been proven to be stronger for those presenting high levels of racial prejudice. Starting from the assumption that an ingroup can be conceived of as an extended self ([@B5]; [@B10]), these results are in line with prior findings showing that action observation related regions are more active in response to stimuli associated with the self than with others ([@B81]; [@B46]) and when facing agents physically similar to oneself ([@B56]).

Although these studies started to explore the influence of social factors on MR, this line of research leaves open questions on the role of social threats in such a process. Social threat has been shown to be crucial to social perception. Indeed, research on impression formation suggests that when evaluating others we are primarily interested in defining whether others could represent an advantage or a threat ([@B87]; [@B86]; [@B28]; [@B17]). In addition, perceptions of threat have emerged as an important predictor of global group attitude ([@B76]; [@B75]; [@B67]; [@B61]; [@B62]) in early stages of the impression formation process ([@B79]). However, not every outgroup is stereotypically associated with social menace in every condition. Specific social categories (e.g., Blacks, Latinos and more recently Arabians) are stereotypically associated with aggression and threat (e.g., [@B59]; [@B52]) and are more likely to elicit aggressive responses in a social perceiver.

Recent literature has explored the role of threatening contextual cues on attention and social perception, showing that evolutionary relevant threatening stimuli are effective at capturing attentional resources ([@B57]; [@B29]) thus causing interference with goal-directed activity ([@B84], [@B83]). People are sensitive to dangerous objects ([@B2],[@B3], [@B4]), and the dangerousness of everyday graspable objects can influence one's surrounding context and the boundaries of peripersonal space ([@B16]). Furthermore, as revealed by previous studies, contexts systematically influence social categorizations ([@B32]), may modify the interpretation of what a facial expression represents ([@B68]) and may affect person perception. Hence, contextual cues may influence the impression of a social target. Threatening contextual cues, for instance, can weaken or strengthen race-based stereotypes of aggressiveness and menace ([@B78]): a threatening context is likely to activate negative stereotypes associated with specific social categories.

Building on this body of work, the present study aimed to explore whether and how MR triggered by observations of others' arm movements toward an object can be modulated by social variables such as ethnic group membership. Specifically, we predicted an increased MR when participants observe an action performed by an ingroup member rather than by an outgroup member in line with prior studies ([@B37]). In going beyond prior research showing that MR is modulated by social categorization, we investigated whether the perceived threat posed by a social target is likely to modulate a social perceiver's MR response. More specifically, we expected that social threat elicited by a specific outgroup (i.e., stereotypically aggressive) in a specific context (i.e., threatening contextual cues) is likely to amplify the pattern. This hypothesis is in line with previous studies on the effect of morality on MR ([@B50]), which shows that the phenomenon is significantly reduced when observing immoral actions (namely actions related to social threats; [@B9]) in individuals presenting high levels of harm avoidance.

To investigate these hypotheses, we carried out an experimental study where using an action observation paradigm we asked participants to provide responses through computer mouse movements. More specifically, participants observed a movie clip showing an actor moving his arm toward an object; then on the screen, a square appeared in a congruent or incongruent position relative to the direction of the actor's movement. Participants were asked to indicate the square position by performing a computer mouse movement toward one of two labels denoting the position (i.e., left or right). We manipulated the group membership of the actors (ingroup vs. outgroup) and the social valence of objects present in the context (neutral vs. threatening) to elicit social menace through contextual cues. MR has been assessed through the use of an action observation paradigm implemented by MouseTracker software ([@B30]), a tool that measures behavioral responses by recording computer mouse trajectories and that provides multiple informative dependent variables as detailed in the results section \[e.g., initial response times, total response times, the maximum deviation (MD) point of the trajectory and the area under the curve (AUC)\].

Moreover, our paradigm, which orthogonally manipulates directions of an actor's arm movement and participant's response direction, allowed us to distinguish the effect of MR from effects elicited by social attention. Indeed, whether the underlying process was social attention, we would expect to find task facilitation when target-stimuli appeared in a position congruent with the direction of the actor's movement when compared to incongruent positions. Otherwise, if we measured MR, we would expect to find task facilitation when actors move the same arm as the one used by participants to provide their answers. If the congruence between response directions and actors' arm movements does not have an effect, the hypothesis on social attention may be discarded.

Materials and Methods {#s1}
=====================

Participants
------------

The initial sample comprised 82 participants who volunteered to participate in the study in exchange for course credit. Seventy-nine participants were Italian citizens. Three non-Italian participants (1 Ukrainian, 1 Peruvian, and 1 Italo-Argentine) were excluded. Thus, the final sample included 79 participants (*M*~age~ = 23.43, *SD*~age~ = 3.76, range 18--44 years, 40 males, 39 females). Sixty-seven participants were right-handed, 10 were left-handed, and 2 were ambidextrous according to self-reports; all of them were naive as to the purpose of the experiment. An a priori power analysis for within-subject ANOVA (medium effect size = 0.20; power = 0.95) suggested minimum *N* = 46. We advertised the study and enrolled all individuals who had responded and volunteered to participate.

Ethical Statements
------------------

All participants provided written informed consent before participating in the study. The study was conducted in accordance with the ethical standards outlined in the 1964 Declaration of Helsinki and with the standard ethical procedures recommended by the Italian Association of Psychology (AIP). The study was specifically approved by the local Ethics Committee of Milano-Bicocca University.

Materials and Procedure
-----------------------

The experiment was carried out in a dimly lit room. Participants were asked to complete a questionnaire. On the cover page of the questionnaire, participants provided their demographic data. Participants were then presented with a 7-item national identification scale (e.g., "*I identify* with Italians"; [@B12]), a 9-item Modern Prejudice Scale for Islamic people (e.g., "*For Italians it's normal to have a relationship with an Islamic person*"; [@B53]), and a 10-item Motivation to Respond Without Prejudice Scale (e.g., "*Being non-prejudiced toward Islamic people is important to my self-concept*"; [@B63]). Participants answered these questions on a 7-point scale ranging from 1 (*not at all*) to 7 (*very much*).

The second part of the experiment was run on an Intel^®^ Pentium^®^ G630 @ 2.70 GHz personal computer interfaced with a 22-in LCD computer monitor (Asus^®^ VW226; Resolution: 1680 pixels × 1050 pixels; Refresh rate: 59 Hz) equipped with the MouseTracker software program ([@B30]). After signing the consent form, participants were comfortably seated in a chair positioned approximately 60 cm away from the monitor from which they received instructions and were presented with photos and brief descriptions of the actors they were going to watch during the experiment (name, age, and nationality). Hence, the ingroup (Gabriele, 26 years old, Italian) and outgroup targets (Haashim, 27, Iraqi) were introduced.

The experiment was then conducted. Each trial began with the computer screen showing a small box labeled "Start" at the lower center of the screen and two response boxes labeled "Left" and "Right" on the upper left and upper right corners of the screen, respectively. After 500 ms, a random video (WMV format; 25 frames/s; 640 pixels × 480 pixels; 1.296 kbps; Duration = 1.388 ms) was shown at the center of the screen.

As is shown in **Figure [1](#F1){ref-type="fig"}**, videos presented the front view of an actor performing an arm movement toward one out of two objects located on a table on his left and right, at a distance of 55 cm from his torso and 67.5 cm apart from each other. In all of the videos, the actor looked straight ahead and did not move any body parts other than his arm. The actors used their right hand to move to the right (the participant's left) and left hand to move to the left (the participant's right). At the end of each movie clip, a blue square appeared to the left or right of the screen. Participants were required to ignore the direction of the actor's arm movement and to indicate with a computer mouse movement the position (left or right) in which the square appeared. They were asked to do this as quickly and accurately as possible by moving their computer mouse cursor from the "Start" button to the chosen response box at the top. Responses were allowed only after the square appeared. A blank screen of 500 ms was inserted between each response box click and the following trial.

![**An example of the experimental procedure**.](fpsyg-07-01697-g001){#F1}

We manipulated within participants the actor's ethnic membership (ingroup vs. outgroup) by presenting an Italian and an Arabian target, which is an outgroup stereotypically related to aggression or threat as suggested by recent research ([@B58]; [@B52]). Moreover, the object valence (neutral vs. threatening) was manipulated by showing box of juice as a neutral object or a gun as a menacing object. In a first pretest, 57 Italian participants (26 males; age range: 18--65; *M*~age~ = 33.20, *SD*~age~ = 10.75) were presented with a picture of Haashim and a picture of Gabriele, and they were asked to evaluate how much they perceived the targets (the order was properly balanced) as threatening ("*\[...\] is a threatening person"*) and frightening ("*\[...\] is a frightening person"*) on a 5-point scale (ranging from 1 = *not at all* to 5 = *extremely;*α = 0.76). In line with prior studies ([@B52]), the results showed that participants perceived the Arabian outgroup member to be more menacing (*M* = 2.26, *SD* = 1.02) than the Italian ingroup member (*M* = 1.96, *SD* = 0.87), *t*(56) = 2.12, *p* = 0.04.

In a second pretest, 14 Italian participants (six males; age range: 21--32; *M*~age~ = 26.07, *SD*~age~ = 3.95) were presented with a picture of a gun and a picture of a box of juice and they were asked to evaluate how much they perceived the object (the order was properly balanced) as threatening ("*\[...\] is a threatening object"*) and frightening ("*\[...\] is a frightening object"*), α = 0.86, and graspable ("*\[...\] is a graspable object"*) on a 5-point scale (ranging from 1 = *not at all* to 5 = *extremely*). Then, they were asked to rate their overall impression on a 7-point scale range (ranging from -3 = *extremely negative* to +3 = *extremely positive*). The results showed that participants perceived the gun to be more menacing (*M* = 4.50, *SD* = 0.71) than the box of juice (*M* = 1.14, *SD* = 0.36), *t*(13) = 18.17, *p* \< 0.000, and more negative (*M* = 2.50, *SD* = 1.7) than juices (*M* = 4.93, *SD* = 1.21), *t*(13) = 4.57, *p* \< 0.000. Moreover, guns were perceived to be as graspable as the boxes of juice, *p* = 0.90.

We thus showed a total of 16 different videos as a result of combinations of these four variables (membership: ingroup vs. outgroup; actor's movement direction: left vs. right; object valence: neutral vs. threatening; square position: left vs. right). Each video was presented randomly six times throughout the experiment, resulting in a total of 96 trials with four additional trials presented at the beginning of the session as training trials, producing a total of 100 trials. Trials were split into two blocks: half of the participants were presented with a first block showing actors moving toward neutral objects (e.g., box of juice) followed by a second block with actors moving toward threatening objects (e.g., gun); the other half was presented with a first block showing actors moving toward threatening objects followed by a second block with actors moving toward neutral objects.

Hence, the experimental design consisted of a 2 (block order: neutral first vs. threatening first) × 2 (membership: ingroup vs. outgroup) × 2 (object valence: neutral vs. threatening) × 2 (actor's movement direction: left vs. right) × 2 (square position: left vs. right) design, with the first factor manipulated between subjects and the latter factors manipulated within subjects. It is important to note that 'left' and 'right' always refer to the participants' point of view (the position on the screen); thus, for instance an actor's movement to left means an actor's movement performed with his right hand to his right side. Moreover, as we excluded errors from the data, square positioning corresponds to the direction of a participant's response. Participants were randomly assigned to one of the two experimental groups. As provided by the MouseTracker software, the initial times (IT), response times (RT), AUC, and MD measures were recorded.

Results
=======

Preliminary Analysis
--------------------

Regarding the mouse-tracking data, we conducted the analyses on four different indices provided by MouseTracker that represented our crucial dependent variables. Indices are the following: initial response times (IT), that represents the starting point in which participants begin the mouse trajectory in order to indicate their responses; total RT, which represents the total amount of time taken by participants to perform their responses, MD, which is a common index for assessing response competition, and AUC, which represents another index for evaluate response competition in terms of larger positive AUC values that indicate greater response competition.

Seventy-seven of the 79 participants performed the task using the mouse with their right hand. Since it was not feasible to conduct statistical analyses on two cases, participants who performed the task using their left hand were excluded from the sample. Then, training trials have been eliminated from the analysis. Moreover, trials in which participants did not provide a correct response (e.g., answer 'left' when the square compared on the right or vice versa) were discarded (15 of 7,968 recorded trials, corresponding to 0.19%). Next, we removed trials in which the dependent variables indices (IT, RT, AUC, and MD) were greater or lower than ±2.5 SD. With this procedure 485 trails were removed (485 of 7,968 recorded trials, corresponding to 6.09%). Finally, we excluded three outlier data points with standardized values greater than ±3 from the IT, RT, MD, and AUC averages. Thus, final analysis was conducted on a sample of 74 subjects.

Regarding the three explicit scale analysis, after reversing the items negatively phrased in the questionnaire and testing the scales reliability (national identification: Cronbach's α = 0.72; prejudice: Cronbach's α = 0.79; motivation to avoid prejudice: Cronbach's α = 0.85), we computed the average scores for each measure.

Then, to control for possible effects of block order and square position, a 2 (block order: neutral first vs. threatening first) × 2 (membership: ingroup vs. outgroup) × 2 (object valence: neutral vs. threatening) × 2 (actor's movement direction: left vs. right) × 2 (square position: left vs. right) ANOVA was computed, using the first variable as between-participants factor and the other variables as within-participants factors.

The ANOVA carried out on the crucial dependent variables (IT, Total RT, MD, and AUC) did not reveal any interaction effect with block order (*p*~s~ \> 0.05).

Moreover, the five- and four way interaction with square position (corresponding to the participant's response direction) was non-significant (*p*~s~ \> 0.05). This result was crucial in order to exclude a possible influence of social attention (namely the congruence between agent's movement direction and the position of the target stimulus to which participants were called to respond). Indeed, if the underlying process were due to social attention, we would expect to find task facilitation when square appeared in a position that was congruent with respect to the direction of the actor's arm movement (e.g., actor's movement toward left -- square on the left) and, on the other hand, to find a greater response delay in incongruent positions (e.g., actor's movement toward right -- square on the left).

Also participants' handedness, when introduced as factor in the aforementioned analysis, proved to be ineffective (*p*~s~ \> 0.05).

Therefore, we collapsed data across these factors and the following analyses do not consider these variables.

Initial Times
-------------

After the preliminary analyses a 2 (membership: ingroup vs. outgroup) × 2 (object valence: neutral vs. threatening) × 2 (actor's movement direction: left vs. right) within participants ANOVA on the IT was computed.

In line with the hypothesis, the analysis yielded a significant main effect of membership, *F*(1,73) = 17.41, *p* \< 0.001, $\eta_{p}^{2}$ = 0.19; indeed, participants started their response with mouse earlier when observing an ingroup actor arm's movement (*M* = 78.99, *SD* = 3.08) than when observing an outgroup actor (*M* = 85.89, *SD* = 3.31). This result can be interpreted as a higher level of motor activation when perceiving ingroup members' acts.

As displayed in **Figure [2](#F2){ref-type="fig"}**, the ANOVA yielded a significant three-way interaction between membership, actor's movement direction, and object valence, *F*(1,73) = 21.89, *p* \< 0.001, $\eta_{p}^{2}$ = 0.23. As showed by *post hoc* analyses (LSD tests), when the objects presented in the context were threatening (i.e., guns), and the actor was an ingroup member, participants were faster while perceiving the agent moving to left (it is worthy to note that this condition would imply MR since the actor in front view was executing the movement with his right hand, that was the same hand participants were using to perform the task; *M* = 73.95, *SD* = 3.49) than to the right (*M* = 83.80, *SD* = 3.57), *p* \< 0.001. On the other side, with threatening object but in outgroup condition, participants were even slower while perceiving the agent moving to the left (*M* = 93.04, *SD* = 4.27) than to the right (*M* = 77.70, *SD* = 3.76), *p* \< 0.001. These results can be interpreted as a higher MR with the ingroup member; in stark contrast, the outgroup member's movement seems to delay motor response. Interestingly, in the other block, when the objects were neutral, in ingroup condition, there was no difference in IT between trials directed to the left (*M* = 78.98, *SD* = 3.42) and to the right (*M* = 79.24, *SD* = 3.93), *p* = 0.94. Analogously, in outgroup condition, no difference arose in IT between trials directed to the left (*M* = 86.17, *SD* = 3.80) and to the right (*M* = 86.64, *SD* = 3.93), *p* = 0.86. Thus, these results seem to suggest that the crucial interaction between actor's movement direction and membership arouses only when cues in the social context elicit threat.

![**Three-way interactions between membership, actor's movement direction, and object valence \[Initial Times (IT)\].** Asterisks highlight significantly different means comparisons (^∗^*p* \< 0.05, ^∗∗^*p* \< 0.01, ^∗∗∗^*p* \< 0.001). Error bars represent standard errors.](fpsyg-07-01697-g002){#F2}

Moreover, *post hoc* analyses (LSD tests) showed also significant differences in IT between neutral and threatening objects when participants observed an outgroup member; in particular, they were faster when the actor was moving to the left toward the box of juice than when he was moving to the left toward the gun, *p* = 0.05. Conversely, they were slower when the outgroup member was moving to the right toward the box of juice than when he was moving to the right toward the gun, *p* = 0.03. Interestingly, no differences arose in IT between neutral and threatening objects in the ingroup condition, neither when the actor was moving to the left, *p* = 0.14, nor to the right, *p* = 0.16.

Moreover, the ANOVA revealed a significant two-way interaction between membership and actor's movement direction, *F*(1,73) = 17.83, *p* \< 0.001, $\eta_{p}^{2}$ = 0.20, which may be justified by the three-way interaction. The analysis did not yield any other significant effect, *p*~s~ \> 0.36.

Total Response Times
--------------------

Then a 2 (membership: ingroup vs. outgroup) × 2 (object valence: neutral vs. threatening) × 2 (actor's movement direction: left vs. right) ANOVA on total RT was carried out.

As displayed in **Figure [3](#F3){ref-type="fig"}**, the ANOVA yielded a significant three-way interaction between membership, actor's movement direction, and object valence, *F*(1,73) = 5.84, *p* = 0.02, $\eta_{p}^{2}$ = 0.07.

![**Three-way interactions between membership, actor's movement direction, and object valence (Total Response Times).** Asterisks highlight significantly different means comparisons (^∗^*p* \< 0.05, ^∗∗^*p* \< 0.01, ^∗∗∗^*p* \< 0.001). Error bars represent standard errors.](fpsyg-07-01697-g003){#F3}

As showed by *post hoc* analyses (LSD tests), when the objects presented in the context were threatening and the actor was an outgroup member, participants were slower when observing an agent moving to the left (*M* = 785.73, *SD* = 19.19) than to the right (*M* = 763.64, *SD* = 18.59), *p* = 0.03. On the other side, in ingroup condition with menacing objects, no differences in RT were revealed between trials directed to the left (*M* = 759.09, *SD* = 16.30) and to the right (*M* = 761.97, *SD* = 18.84), *p* = 0.75.

Interestingly, in the other block, when the objects were neutral and in outgroup condition, participants were faster when the agent was moving to the left (*M* = 756.75, *SD* = 18.72) than to the right (*M* = 772.49, *SD* = 18.62), *p* = 0.08. In ingroup condition with neutral objects, no differences in RT were revealed between trials directed to the left (*M* = 763.71, *SD* = 18.15) and to the right (*M* = 763.11, *SD* = 19.36), *p* = 0.97.

*Post hoc* analyses (LSD tests) showed also significant differences in IT between neutral and threatening objects when the agent was an outgroup member; in particular, when he was moving to the left, participants were slower in the threatening condition (i.e., with guns) than in the neutral one (i.e., with box of juice), *p* = 0.04. There were no differences between neutral and threatening objects when the outgroup member was moving to the right, *p* = 0.59. No differences in RT arose between neutral and threatening objects in ingroup condition, neither when the agent was moving to the left, *p* = 0.70, nor to the right, *p* = 0.93. Furthermore, the ANOVA revealed a significant two-way interaction between object valence and actor's movement direction, *F*(1,73) = 3.94, *p* = 0.05, $\eta_{p}^{2}$ = 0.05, which may be justified by the three-way interaction. In sum the results partially confirmed data on IT. We should consider that the present index represents the total time used by participants for providing their response, thus participants could use the entire time of the trajectory to adjust their answer, until they clicked the response box.

No other effects were found, *p*~s~ \> 0.17.

Maximum Deviation and Area Under the Curve
------------------------------------------

We also computed a 2 (membership: ingroup vs. outgroup) × 2 (object valence: neutral vs. threatening) × 2 (actor's movement direction: left vs. right) ANOVA on two other indices used to measure the response competition: MD and AUC. As shown, using MD versus AUC for the same data does not substantially change the results ([@B31]). No effects were found neither on MD nor on AUC, *p*~s~ \> 0.08.

These results revealed that participants did not experience response competition in providing their mouse responses. The fact that we found effects on initial and RT and not on the trajectories can be ascribed to the type of task. As shown, we asked participants to indicate the position (left/right) in which the stimulus appeared, that is a simple and quite effortless task. The easiness of this kind of task could have led participants to provide their responses without uncertainties.

Explicit Scales
---------------

Finally, in order to investigate whether participants' level of identification with the national group (i.e., Italians), level of prejudice and level of motivation to avoid prejudice were likely to moderate the effects, moderated moderation models were explored using PROCESS macro ([@B39]; model 3, 5000 bootstrap resampling) with actor's movement direction (left vs. right; left defined the condition in which participants provided their responses using the same hand as the one used by the actor in the videos) as an independent variable, membership (ingroup vs. outgroup) as a moderator, the explicit measures as moderator of the moderator, and IT and total RT as dependent variables. The explicit measures used were: identification with the ingroup (*M* = 4.16, *SD* = 0.91), prejudice toward Islamic people (*M* = 3.20, *SD* = 0.87), and motivation to avoid prejudice (*M* = 3.88, *SD* = 1.06). None of these models revealed significant interaction, *p*~s~ \> 0.35. Thus, these measures of identification and prejudice did not moderate our effects on MR revealed by previous analyses.

In line with our hypothesis, the results suggest that people are prone to a higher level of MR when observing an action performed by the ingroup members rather than by the outgroup members. Hence, participants seem to resonate better with their ingroup; conversely, outgroup members' movements tend to delay motor responses. Moreover, the perceived social threat elicited by socially menacing cues interferes with this effect; when participants observed an outgroup member moving toward a weapon, they were slower at providing responses. Thus, our results seem to suggest that the crucial interaction between actor's movement direction and membership occurs only when cues in a social context elicit threat.

Discussion
==========

A robust line of research has widely suggested that observing another person's action activates corresponding motor representations in the observer ([@B45]; [@B70]; [@B69]); moreover, prior studies have shown that MR may be influenced by characteristics of an action made and of the performer of that action ([@B56]; [@B15]). The present study investigated whether and how perceptions of social threat elicited by an outgroup member and by social cues can modulate motor responses when a person observes others' actions.

Our findings suggest that MR during action observation is likely to be modulated by ethnic group membership. Indeed, consistent with our hypothesis and in line with the existing literature ([@B56]; [@B8]; [@B37], [@B38]), participants tended to resonate better with their ingroup; in fact, when the ingroup actor executed a movement with the same hand as the one used by participants to provide their responses, motor facilitation was found. Conversely, when the outgroup member performed an action using the same hand as participants, a delay in response was found.

These results can be interpreted in the light of the existing literature on group membership and social interactions. Indeed, people empathize more with the ingroup members than the outgroup members ([@B23]; [@B77]; [@B38]) and tend to perceive the ingroup members more favorably and as more similar to themselves ([@B40]). Studies on spontaneous synchrony, mimicry and motor coordination consistently show that individuals are less likely to synchronize their movements with those whom they harbor negative feelings for ([@B54]). Moreover, this effect may be partially due to familiarity: ingroup members are usually the ones with whom we most often interact ([@B27]). Therefore, moving with others or resonating with their movements could be considered an early embodied form of relation with our conspecifics that could be affected by social perception and cultural inter-individual differences ([@B73]).

However, the present research complements and extends this emerging line of research, going beyond a mere ingroup bias effect and exploring the role of social threat. Our main finding suggests that the perception of social threat, elicited by an outgroup member stereotypically associated with social aggression ([@B58]) and by contextual cues, is likely to interfere with motor response provided when facing an agent's action. In fact, when participants faced a stereotypically aggressive outgroup member moving toward a weapon, they were slower to initiate motor responses. Interestingly, the interaction effect between membership and movement direction disappeared when contextual cues were neutral and unlikely to elicit social threat.

It is worthy to note two additional nuances of our results. First, in neutral conditions, the MR effect disappeared when participants viewed an ingroup member. One possibility for why we did not find MR in this condition is because in this specific context (i.e., when threat is not salient), an individual may be likely to focus on the task and to disregard social stimuli. By contrast, when social threat is elicited, an individual is more heavily influenced by the presence and movements of social targets that can become potentially menacing. As highlighted by the literature of threat and attention, evolutionary relevant threatening stimuli are effective at ensnaring attentional resources ([@B57]; [@B29]), thus interfering with goal-directed activity ([@B84], [@B83]).

Second, no difference was found between neutral and threatening conditions when participants faced the ingroup members: RT differed between neutral and threatening conditions only when participants observed an outgroup agent's movements. This pattern could suggest that threatening objects are likely to activate negative stereotypes associated with specific social categories (e.g., Arabians). As revealed by a prior study, threat cues might weaken or strengthen race-based stereotypes of aggressiveness and menace ([@B78]): hence, only in particular conditions (e.g., in our experiment when participants were presented with guns), negative stereotypes associated with racial minorities may be active and likely to garner attention. As argued by [@B78], information gleaned from bottom-up (e.g., contextual cues) and top-down processing (e.g., stereotypic expectancies) may have interactive effects on social perception. From these findings, future studies could further explore effects of group membership by presenting participants with control outgroups not stereotypically associated with threat or aggression. In this way, it would be possible to control whether effects that emerge are to be ascribed to the presence of a generic outgroup or to a particular and specific menacing outgroup.

This result seems to be at odds with previous research ([@B38]) showing that when outgroup behavior is negative and threatening, individuals begin to process them as ingroup members, thus reducing ingroup bias effects on MR. However, the results are in line with functional perspectives on person perception (e.g., [@B79]), suggesting that when an outgroup behavior is threatening, people can allocate cognitive resources to the threatening individual. This form of cognitive resource allocation does not necessarily apply to active movements. In fact, the delay found in response to the Arabian outgroup member as he moved toward a gun can be interpreted as a freeze reaction to a harmfully perceived event as suggested by several studies that show that spontaneous body responses to social threat cues elicit freeze-like behaviors in humans ([@B72]). Moreover, our findings are in line with previous studies on the effects of morality on MR ([@B50]) showing a decrease in MR when observing immoral actions, in particular in individuals presenting high levels of harm avoidance. As an extension of this work, it will be interesting to investigate the relation between MR and visual attention. Indeed, future works could explore whether motor freezing arising as a reaction to a menacing outgroup could be associated with greater visual attention to this agent; participants, for instance, could be attracted to a menacing target while at the same time being frozen in their motor reactions. For this reason, it will be useful to integrate the measure of RT and computer mouse trajectories provided through MouseTracker with the analysis of eye movements using an eye tracker.

Furthermore, an added value of this work lies in the experimental methodology we adopted; on one hand, we used an action observation paradigm implemented using MouseTracker software ([@B30]), which is a tool that measures behavioral responses by recording computer mouse trajectories and that provides multiple informative dependent variables (e.g., initial RT, total RT, MD point of the trajectory, and AUC). In this way, it is possible to monitor and implicitly investigate the entire motor response to understand at what level of the process the effects interfere. Thanks to this experimental tool, it was possible to highlight that the effects of our variables are particularly precocious, as they interfered with the task early on in the process (IT).

Moreover, the paradigm we used allows to discriminate between two competing underlying processes. Through our action observation paradigm, we presented participants with congruent (i.e., actor's movement toward the left -- square on the left) or incongruent (i.e., actor's movement toward the right -- square on the left) stimuli. Several studies on social attention that have adopted a modified version of the Posner paradigm ([@B64], [@B65]; [@B33]) and the Social Simon Paradigm ([@B80]; [@B24]) manipulated the congruence of stimuli in the same way. In our study, the orthogonal manipulation of the square's position (corresponding with participant response directions) alongside membership and actor's movement directions allowed us to disentangle effects of MR from effects elicited by social attention. Indeed, if the underlying process were due to social attention, we would expect to find task facilitation when stimuli (i.e., square) appeared in a position congruent to the direction of the actor's movement. With incongruent positions, we would expect to find greater response competition and thus an increase in the difficulty in making a decision. Otherwise, if we measured MR, we would expect to find task facilitation with an actor moving the same arm as the one used by participants to provide their answers. The motor facilitation result found when the actors moved the same arm as the one used by participants to provide their answers supports the hypothesis on MR. Moreover, as the square's position did not interact with our crucial effects, the hypothesis on social attention can be discarded.

Moreover, we showed that our findings are not affected by levels of prejudice; both people with a high level of prejudice toward Arabian people and those with low prejudice were influenced when performing the task. From a social psychology perspective, the results are compatible with stereotype activation rather than with prejudice effects. Stereotypes are fixed and over-generalized beliefs about people that are based on their membership to a particular social category (for a review, see [@B41]). Previous research has widely demonstrated that trait concepts and stereotypes, which are generally shared within a community and stable over time, become automatically active in the presence of a relevant behavior or stereotyped-group features. Given their pervasiveness in cultural contexts, stereotypes can have detrimental effects on social perception and elicit stereotype-consistent behavioral responses independent from the individual's attitudes and personal values (i.e., prejudices) toward that social group ([@B20]; [@B21]). From our results and in consideration of the fact that most people internalize stereotypes in the course of normal socialization, future studies could also investigate the role of individual characteristics (e.g., age) in the development of stereotypes. From a lifespan perspective, it will be interesting to explore the development of adaptive human skills ([@B48]) to resonate with co-specifics during different stages of human life and particularly in relation to ingroup bias and social threat perception.

Finally, from an intergroup point of view, the effect of social threat on MR could have important implications; such an effect may affect the first stage of social perception and may alter communication and interactions with outgroup individuals and the quality of intergroup relations. Moving together and coordinating with other movements can bridge the gap between the self and others and create a sense of social connection. Therefore, investigating the effects of facilitating and hindering factors of MR could help understanding the challenges associated with intergroup interactions. To conclude, the present study provides avenues for further studies on the role of variables likely to reduce intergroup threats and to promote more cooperative relations between members of different social groups.
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